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E ;Nelther textbooks nor courses f study, these pamphlets are lntended to "

lu

consnderab17 publlc mterest “first, cause the space nvals of the late 1950’s
~ and 1960’s were workmg together na Jomt endegvor, and secon because
- theu' mutual efforts lncluded devel plng a spabe Tescue, system. . h'e ASTP

pmvtde a fich source of ideas, ')?amples of the scientific method, pemhent
_ referencestostandal‘dtextbook and cle\rdescnptlons of spacé expenments

, .ln A'sense, they may be, rega}de as aploneenng form of teaching aid. Seldom . .~

has‘ there™been such:a- forthnght effort to provrde dlrecﬂy to teachers.
cumculum -relevant. reports. of current scientjfic .research.- High school
Xts: suggested that advanced student(s ‘whoare -

/ teachers who revrewed the te;

unterested mlght be assrgned't ) study one pamphlet and’ report on it to the rest

* of' the class After class i ussron st-udents might be assigned: (wrthout

access to the pamphlet) one | T mory of the * *‘Questions for Dlscusston for '

'formal or informal answers, thus; stressmg the appllcatlon of what was

‘ prevrously covered in the. pamphlets

“The authofs af these pamphlets are Dr. Lou Wllllams Page -a geologlst and

Dr. ThomtonS Page -an astronomer Both have taught science at several
- ‘universities antd hdve publlshed 14 books on science for schools collegesJ and

.. the general reader. including a recent one on space science. ‘-

LI

Technical assistance to the Pages was pr0vrded by _the Apollo-Soyuz‘

'Program Scientist, Dr. ‘R. Thomas Giuli, and by. Richard R Baldwm,

Selected teachers from hlgh schools and umversrtles thrO}Ughout thl:

. wording, the addmoryof a glossat)l of terms unfamiliar to students, and

: lmprovements in-diagrams. A list of the teachers and of.the scientific inves- -

tlgators who reVIewed the ‘texts for accuracy follows this Prefac;e :

Frederick B. Tuttle, Director of Bducational Programs, and was supported by

the NASA Apollo—Soyuz Program Office, by \Leland J. Casey, Aerospace_ i

- 'W.-Wilson Lauderdale, and Susan N. Montgomery, membeﬁ of the groupat ,

. -the NASA Lyndon B. Johnson Space Center in- Houston Whlch organwed the.,
o ‘scientists’ partrcrpatlon in the ASTP and publlshed thelr reports of expenmen
e tal results.

IR Y

- o 8tates reviewed fle pamphlets in draft form. They suggested changes in &

< This set of Apollo- -Soyuz pa phlets was initiated and coordlnated by Dr. N

Engmeer for ASTP, and by Wllham D. leon. Educatlonal Programs

Ofﬁcer, all of NASA and’quarters in Washmgton b.C.
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Apprpcnanon lS’C ressed to the scientific mvestlgators and teachers who

ASTP Program Dlrector at Headquaners.
endeavor made thls puhhcatlon possnblc
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" Teachers .. ¢ I
 And Sclentlﬂc Investlgators T
'\,.WhoRevlewedtheText '

L R
. | f' . L i
) . "‘ _ VR . ! )

" Harold-L. Adaxr, Oak thge Natronal Labor‘ator:y, Oak’ Rldge Tenn

o

-

e

o "...I"

\
e

L)’nette Aey, Norwich Free Academy, Norwich, Conn' SRR ’

1 Vemon Bailey, NASA Lyndon:B. Jghnson Space Center, Houston, Tex
Stuart'Bowyer Umversrty of California at Berkeley,*Berltcley, Calrf
Blll Wesley Brown, Calrforma State University at Chico, Chico, Calrf
Ronald J. Bruno Crerghton Preparatory School, Omaha; Nebr. ' " ...«
T.’F. ‘Budjnger; Umversrty of California at Berkeley, Berkeley, Cahf

R&bcrt F. Collins, Westem States Chlropractrc Colle ege,. Portland, Oreg R

B+Sue Cnswell ‘Baylor. College of Medlcme Hoyston, Tex.” - .-~

"T. M. Donahue University of Michigan, 'Ann Arbor, Mlch SN e -
David W. Eekert, Greater Lat}‘obe Senior High School Latrobe Pa. . N o

Lyle N. Edge Blanco High School, Blanco, Tex: T
- Victor B. Erchler Wichita State Umversrty, Wrchrta, Kans. - '_.- g ,"
~ Farouk El-Baz, §mlthsbman lnstltutlon Washmgton DC . oo
D Jerome+Fisher, Emeritus, Unlversrty of Chicago, Phoemx Anz G R
- R. T."Gigli, NASA Lyndon B.-Johnison Space Center; Houston, Tex.
: M D Grossi, Smlthsoman Agtrophysrcal Observatary, Cambndge Mass '
. Wendy Hindin,. North Shets, Hebrew Academy, Gr&t eck, N. Y.
.Tim C, Ingoldsby, Wes l-?rgh School Omaha, Ne . .
* Robert H. Johns;¥ emy of the New Church; Bryn Athyn Pa:
D. J. Larson, Jr., Grymman Aerespace Bethpage, N.Y. -
|'M. D Lind, Roclcwsll lntematronal Sciegice Center T,housand Oaks Callf
R N. Little, Umversrty of Texas, Austin, Tex.. -

,

’/‘..

©® Sarah Manly, Wade Hampton Hrgh School, Greenville, S. C.

Katherine\}vlays, Bay: City Independent.School District, ‘Bay City, Tex»

- Jant M. Oppenheimer, Bryn Mawr College, Bryn Mawr, Pa ‘
e vl Pepm Umversrty of Wyoming, Laramie, Wyo ‘

- H.-W. Scheld, NASA Lyndon B. Johnson Space Center, Houston Tex
Seth Shulman, Naval Research Laboratory, Washmgton D C

" James W. Skehan, Boston College, Weston, Mass. 2
B.T Slater, Jr., Texas Bducatron Agency, Austm Tex

..,

N~

Jacquellne D. Spears Port Jefferson Hrgh School,. Port Jefferson Station, N. Y
Robert L, Stewart ‘Montice]lo ngh School, Monticello, N. Y. e

' Aletha ne, Fulmore Junlof/l:lrgh School, Austin, Tex... ’
. G. R Taylor, NASA Lyndon B. J nsqn Space Center, Houston Tex :
~Jacob . Trombka 'NASA Roby H Goddard Space Fllght Center,’ Greenbelt Md
F. O. Vonbun, NASA Robe, H: Goddard. Space Flight Center, Greenbelt Md
Douglas kaler, Wade Hampton ngh School Greenvrlle S C

Robert S. Snyder, NASA George- (y' Marshall Space Fllght Center, Huntsvrlle Ala."
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"'After 4 years of preparatlon by the uU.S. 'Natlo,
‘Admmlstratlon (NASA) and the U. S'S.R. Academy of Sciences, the Apollo.

. and Soyuz spacecraft were launched on July 15, 1975. Two days later at 16209,
Greenwich mean time on July 17, after Apollo maneuvereg into the sarne orblt ,
jts und cosmonauts . . ..
“then met for the first international handshake in space, and each crew enter- - ¢
tained the other crew (one-at a time) at a meal-of typica} American or Russian *

as. Soyuz the two spacecraft’were docked. The astron

, food. Tl;lese activities and the phys:cs of reaction motors, orbits around the’
"Earth, and welghtlessness (zero-g) are described more fully in Pamphlet l
- "*The Spacecraft, Their Orbits, and Dockmg" (EP~l33)

N Thlrty -four experiments were performed while ApoHo ‘and Soyuz were in:
_...orbit: 23 by astronau'& 6 by cosmgnauts, and 5 jointly. These expenments in
~ . 'space were selected: from 161 proposals froin scientists in’ nine dlfferent,

countries. They aredisted by number irt Pamphletl dnd groups of two or more
are described in detail in Pamphl’ets 11 through IX (EP- 134 through EP-141,

. respectlvely) Each expenment was directed by a Pnnclpal lnvestlgator :

. assisted by several Co- lnvestlggtors and the detailed scientific ic results have -

.- been published by NASA in two reports: the- Apolo- Soyuz Test Project
,Prellmmary Science Report (NASATM X- 58l73) and the Apollo Soyuz Test -
' Pro_|ect Summary Science Report (NASA SP-412). The simplified . accounts :

Aeronautlcs and Space""

i given in these pamphlets have been revrewed by the Pnncrpal Investlgators or -

o one of the Co-Investigators. *

For many/yEars airplanes have photographed the E.’mh s surface “Color -
photographs and special filters have given more and moge information about =~

- .the surface—-—tempelaturps conditions-of crops and-forests, amount.of water

in the soil, mmerals in exposed rocks, and so on. Starting i in‘the mid-1960’s, -
NASA spacecraft have photographed weather patterns and detected water .-

posed minerals, and so on: From Skylab in 1973, astronauts noted many " .
ore features: wave conditions in the ocean, major ‘geologic formations, and .- -
condmons in the upper atmosphere It was natural for the Apollo Soyuz Test: Ge

i
:Ellutlon. in addition to obtammg ‘the ‘temperature, crop data _moisture,

. Progect to extend these observations still further,-
" Apollo and*Soyuz were in orbit 222 kllometers ve the Earth's. surface.

Fro this altitude 'observatlons could be made of bro areas of the Earth and .
- oftht atmosphere: above the hortzon ‘Although- Apollo-Soyuz. was above -

-~ 'most of the Earth’s atmosphere there was.some very low density gas even at

. that altitude. Three experlments were des:gned ito take advantage of the.

.Apollo-Soyuz view. .

- Experiment MA-136, Earth Observatlons and Pho‘tography, produced
hundreds of photographs several reels of video tape, and'a reel of movie film.

B Man.y verbal: descnptlons were_ also made by the astronauts The Pnnclpal

oo . . -
. N .
RGO

o ——
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lnvestlgator wis Farouk El Baz of the Smrthsoman lnstrtutron in Washmgton. .

+D.C. He was assistéd by 12 Co-Investigators, who are experts in geology,

oceanography, and meteorology They came from various parts of the Umted

States and one came, from India. -
- Experfirhent MA-007, Stratospheric Aerosol Mwsurement was dlt‘ected
by T. 3. Pepin of the Unrversrty of Wyorning:. He and seven Co- lnvestrgators

used mfrared observations-of the setting or rising Sun, asseen fromApollo to
; measure, the Jmolmt of dust and’ droplets in the lower l50 krloryeters of the

Ear{h s atmqspherb S e
- Experiment MA- 059 Ultravrolet Absorptron measured the densrtres of

_ atomrc oxygen: and mtrogen 222 kilometers above the Earth’s surface. The:

Pnncrpal Investigator was T. M. Donahue of the Umversrty of Mtchrgan He
was assrsted by ﬁve Co- lnvesttgators
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2 Obeewatlons of the “,

\" -

E rth s Surface

Aenal photographs of pomonsof the Earth are routmely taken fro m alrplanes
often for making maps or surveys. Oibiting spacecraft like Apollo-Soyuz or
“the earlier Skylab have three main advanfages over alrplanes as camera -

' mounts Flrst, the hlgherspacecraft can “‘see’ alargerarea and can therefore .

record bnoader features, such as the'remains of an old volcano or a. huge eddy -
in the sea: :Second, the space'craft is almost pérfectly steady; there are no gusts
, of wind or :‘bumpy air”* to toss it around like an airplane; thiis smearing the
photographs Third, the spacecraft follows aprecise oibit over a “track" that

an airplane, “modern cameras are fast .and’ some are bl.lllt o
compensa e for the spacecraft\'elocny

Farouk -El-Baz, the- Principal lnvestlgator for. Expenment MA- l36

“strongly favors astronauts’ visual observations with “backup photography

- He pomts out several cases where astronauts glimpsed features that did’ not -

. show up on the photographs and. other cases ‘where astronauts chose the time

© when the ll"htmg was just, nght{o take photographs that would show what the o

astronauts were seeing:
The. Earth- observatlons were carefully planned to prov:de mformatlon

‘needed by geologlsts for studies of mountains, rivers, deserts and contmental .

- drift, ; Other’ mformatlon helped oceanographers to-study sea currents" and
meteorologlsts to study tropical storms and humcanes (Fig. 2.1). Most of
G~ these studies provnde dtrect beneﬁts to us ground-based resldents on Earth

A Cameras, Lenses, and Fnlm B

One objectlve oll Experm;lent MA- l36 Was to check the effectlveness of
different cameras for photographing various features from orbit.. ‘Fivecameras.
and seven dlfferent lenses were provided on Apollo The largest camera Was a
Hasselblad refléx (Swiss built, see Fig. 2. 2), with 70-m|ll|meter film and two
. lenses, one ‘with a focal, length of 250 millimeters and the other of 50
* sfillimeters. The focal length of the lens determines the size or scale of the -
photograph: the larger the focal length, the greaterthe enlargement (Fig. 2.3).
~ The field of view, however, is larger (on 70-millimetet film) when the shorter

.. lens is used., The 50-mlll1meter lens was used for wide- angle views;, and the

. 250-millimeter lens was 'used for large-scale high-resolution photographs
. Another Hasselblad camera had. 60- and lOO-mllhmeter lenses and was

o mounted firmly on a bracket to take: mappmg photographs through one Apollo o
wmdow ‘This camera had- an mtervalometer ‘to time the exposures'so that -* - -

each p otograph overlapped the precedmg ‘one by 60 percent. Every pomt'f -
, along groundtrack v wasthus photographed at least twice, once from eachi of .

" two po ts in' Apollo’s orbit several hundred kllometers apart Palrs of. these

2

K . oy
u“--- &

ght across the ground Although the spacecraft moves much more
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"o _ - overlappmg pbotographs yield stereoscoplc views from which tralned
.0 .. ... specialistscan ‘‘interpret’’ such information as helghts of clouds and moun-
v 7 - - .. 'tains and depths of canyons o T
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. ‘ _.Flgnro 2.1 N Thls photoguph of an unusuai cloud system was' ukon hlong the westom "
! S - .coast of Mexico looking westward over the Gulf of Callfornla. The land in’ thev'
< L baokground is Bnl- Cullfornla.
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The 79-_rnllllme'ter Hasselblad refiex camernl system.:

, . - ' S s e .

| J -
Fo

~ camera with d 55 mllllmeter foca length lens (Japanese) and-a l6-m|ll|meter :

Mauer movie camera (Amencan) There was also a televlslon cam;ratfor

g ‘real time broadcasts from Apollo- Soyuz and a video tape reco:der to record’

T - televrslon views of the Paclﬁc Ocean The color ﬁlm used i in :the cameras was
’ ~specially preparetl for the MA. 136 Expenment by Eastman Kodak: A special

isthe unrealistic haze around a bright object in a photograph.) More than 1900

o photographs were taken from Apollo for the MA 136 Experlment 5 percent’
...~ of them are of excellent quallty

Y B ."Earth Featurés"a"nd AStronatjt. Tralning'

‘ - coating was used on the emulsion to prevent halation by blue hght kHalatlon _

Except for photographs from Qrblt we people on the ground never get a clear. .
- view of large Earth features. A familiar example is the satelllte weather' '

_Figure 2.2 '

B S _photograph shown.on televrsron weather newscasts, which’ reveals weather S
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: and the grant CddlCSdn the Gulf Stream near jSlan
. recognize the full extent s of these. featt;yé Rifts and faults are huge cracks.in
“other side: The slip can be up down r sldeward The most fampus shppage in.

. Callfomla and is eaSy to’ see. on 'satelhte photographs

’ -'of classroony time-—during;

" astronauts also had: 10.

- - Ordesert sind by usi
"54 reddlsh-brown olors and 54 blulsh‘green colors on ‘a paper disk. The, _
astronauts selecte the color most slmllar to the seawater or desert sand that D

' ,' overexposed nd.not. show the actual colo

o several pa IS of binoculars and ﬁnally selected an X 16-power monocular for
"~ use on  the Apollo Soyuz flight.-This httle telescope enlarged what they saw - .

/Ground Truth

The Pnnclpal lnvestlgator had consulted a group of 42 experts to decrde what
. ,._fEarth features the astronauts should: ook for and pht\tograph ‘Sorhe of these
. experts were able to have measurements made-on ‘the Earth’s surface to venf)r
' ’,"'what was seen or photographed from Apollo-Soyuz. For. instance, several

- where such “ground -truth’’ measurements were made thlquollo Soyuz

dsand reefé;;GCOIoglsts also( ; ERN
plot small-scale evidence of rifts o fault lines ot maps but they do r[ot always * - " -
the Earth’s crust where the rock on oné side has shpped past ‘the: rock.on the o .

the United States s the San An' reas Fault whlch runs ﬁonh to south m

56 n, sclence classesqfo:-tlge aétrohauts——60 hours -

hie year before the ‘Apollo-Soyuz mrSsﬁxn The g
yover ‘exercises’ “during which they flew m
_eddies, and” desert ‘dunes. . “They: leamed: how to
tape recotder-and howto Judge the color of & seawater
a‘*‘color heel " The colorwheel onboard Apollo had - :

These. toplcs'weredrsc

.alrplanes over: faults, v
describe a faudt lme on/

- they observed arfd tape*recorded the color-wheel number These color mm- L
‘bers were- lmyartant bécause the colorq’hotoéraphs mlght be underexposed or’ e

- During. the aircraft- flyover exerclses. the’ astronauts expenmented with '

"Below @nd helped them to identify features to repo photograph
“Thi purposeof all thls tralmng was: to help the Xpollo astronaut‘s—Tom

) ogy oceanography, and meteorology S0 that lhey would qulckly recogmze

featurea of scientific: lmportance L

BT

groups of ships measured sea-surface temperatures, sahnlty (the amount of - B
salt i in the water), water color _reds tides (poisonous plankton in. the water) ' )
water currents, wird velocity, and cloud types.. Flgq[ 2.4 shows the 18 areas

- v o
; 7 LT
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passed overhead Two au‘planes flew across the Umted States and took '

photographs from hrgh altitudes to. compare with the MA.- 136 mapprng

photographs taken at the same time; severdl'cther arrplanes did the sime near "
. 'New .Zealand and England A teamof Egyptian geologrsts mapped aportion ¢
"of the Westem Desert of Egypt whrch was photographed twlce by Apollo- A

e ‘. Sqyuz. -

In every case, the MA- 136 observattons agreed wrth the local ground truth T

data even though the MA-136 data éxtended over much larger areas. Some of

- the ground -truth sites were covered by clouds when Apollo passed ‘among

' -;MA-1 36 Earth Observatlons Results

g _ The numerous color photographs and astronaut reports wrll be studled for
‘years: Several rmportant drscpvenes have already been made from them, and . -

. them the site. of the New England red tide off th ‘coast of Malne (The’
astronauts viewed red water farther riorth in the Bay of Fundy butreported itto

“be reddrsh brown‘ muddy water from rivers, not the bnght red color of the
_ plankton in the red trde ). ; . . g . -

mote’ may yet be found. Figure 2.5 shows the. locatrons of the vrsual observa-

4".-trons the photographrctmappmg observatrons ‘and the teleyision vide§ tape - .

recordings. Each. numbered area (1 t012) concemed a specific. screntlfrc

. Zealand-U mtedStates) off the, eastern coast fof Australra and area 9 shows the
- growing deserts of North Africa. )

,One rmportant discovery is shown in Frgure 2.6, a photograph of the
: Levantme Rift. For years, scientists had known about this huge crack in the.
- Earth's crust ‘however, the Apollo- Soyuz MA-136 xperiment I revealed its

" problem. Fot instance, area 11'is the huge ANZUS Eddy (forrAustralra-New : L

Y

full extent. The rift extends frorh the Gulf of Aqaba (abMhe northern end of the R

Red Sea) northward through the. Dead Sea to the Sea of Galilee in Israel,

wheére it splrts into three cracks that fan out to the north aid northeast, The rift

‘is probably caused. by the’ counterclockwrse drift of the Arabian pemnsula

splits.. Geologists find more and more evrdence that entrre contrnents have
. “drifted”’ during many mr{lrons of. years. For instance, North and South

Amierica.seem to have drifted very’ slowly away, from Europe and Affica,

leaving 4 basin (the. Atlantrc Ocean) in between. Along the eastern coast of

" South America, the’types and ages of rocks (and the fossils in them) match - '
those along the westem coast of Afrrca and the outlines of these two coasts fit

3

,. " P
s a

k ';. (away from Africa) around a”*pivot’” near the Seaof Galilee, \where the rift .-

a

N

o

‘./.;
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Figure 2.5 - Ilapo qhowlng tho broad Iocatlons of the IIA~1 36 Earth obsetvatlon sites. . e
S ‘Small circled numbecs reprmnt revolution groundgracks for. photographic'. o - = °

L e mapping and visual ‘abservation’ tasks, large clrclod ‘numbers reprosont the s
R sam;gﬁamuonslm N PR
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NS

The oouthom part of the Levantlne nm extendlng from the Dead Su to the :
Sea of Galliee, Is distinguished by the linearity of the Jordan River valley: (ar- ]
“row). To the north, a “fan-shaped” compiex system of curved fauits character-
" izes the rift. One-prominent fault paraiiels the Syrian coast and then makes a
Ll noﬂceable bend to the northwest (arrow) towards Turkey e




[

g

together’hke pleces of a _||gsaw puzzle The theory of “contlnental dnft

.- “‘plate tectonics®’ is a comphcated sub_|ect 1 Geologists are looklng for more',' §

ev1dence for the. theory on°MA-136 photographs. -

A more rapldly changlng feature, the delta of the: Nile River, is shown in .
- thure 2.7. The Nile River flows northward from Egypt into the Medlterra- .
* . i -+nean Sea, Mud from the Nlle has slowly formed the delta; and the fresh water |

! of the Nile'can be seén in. Figlire 2.7 mlxmg with: the saltler water of the”
Medlterranean offshore The delta of the Orinoco River in Venezupla is
~'shown -in Flgure 2. 8. Muddy river water. can be traced for hundreds of .

kllometers out into’ the Caribbean Sea and the Atlantlc ‘Ocean.

- The colors ofdesert sands, such as those-shown in the phptograph in Flgure e
2 9, provnde lmportant mformatton about the ‘ages ‘of thése. sands and the: " -~
_' advance of desertsacross the countryslde ‘The bnght-yelfow sand is younger'j', S
< than the red sand. The sharp line to the left of the center of the photographg S
' shows where the yellow sand is moving across the red sand ag it is blown-. .’
' westward by winds. Différences between this Apollo-Soyuz photograph and .
Skylab photographs taken‘in 1973 will show the rate of advanc’\ Thc chang- T

mg pattern of the’ sand dunes is also being stutlled

Photographs of Lake Chad, .at the southern edge of the Sahara show the - i -
sand ‘moying in toward the lake. This advance of the desert may dry. up Lake LT
Chad and depnve the local ‘inhabitants of water to drink and ﬁsh to catch T

~ Other deserts were photographed'in @ustraha and’ Argentma

Flgure m which was photogra‘phed when the. astronauts saw 1 series of

“waves about 60 kilometers long in the.otherwise clear blue Atlantic 0cean
. These waves aré noton the surface but are deepin the water below They may 3

have formed because of varlatlons in-"the- salinity (saltlness) of the water

caused by. §alt|er water pouring out of the ‘Mediterranean Sea. through the '
§Ll‘lllt The waves were glimpsed only for a moment. When the lighting (‘‘Sun .
; \gl;ltter ) ‘was just right. They could be sé then-.béc‘ause hght is refracted .ol

zhlore by the saltier water.

41 Several of the mappm_g runs (Flg, 2 5) covered areas that had not been o _'
_ accdrately mapped before. ‘One ‘photograph révealed'an ancignt metéor: craterv L
" in Brazil. Others’ s'howed sngw. conditions in the Cascade Mountains- and IR
LoEe glaclers in other parts of the world. Two troplcal storms in the Canbbean ea

+" "= and off thé coast of Florxda ‘and-many cloud patterns over 'land and sea ere .

- photographed One pecuhar set of cloud stnps is shown in Flgure 2,1 l _

‘ESCP Secs. 11- ll 1-12. (Throughout th:spnmphlet referenceswnllbegtvenmkey toptcs

" cpveréd in these three st.mdnrd textbooks; ** Investigatiiig the'Earth* (ESCP), 'Houghron Mifflin -

. _Company 1973; *Physical Science Study Commmee (PSSC), fourth edition, D. C. Heath,.
- .7 1976; 'and *: *Project Physncs sccond edmon Holt Rmeh.lrt nnd Wmston. 19751)

A_v;ew Of western’ Spain, lncludlng the Strait of Glbraltar is shown m"I




The Nllo Dolh lo an oxcollont oxomplo of a trlangulpr-shopod dolta Patterris

surface texture“and boundary layers in the, watef are easily seen In the Sup’s
. roflootlon They possibly resulf from a domlty ditference between'the fresh- -

" water from the Nile and the saltier water of the' Medltorronoon Sea. Compare _
this photograph with'a map of Egypt .




' .

Tho doop-brown colm' of the prlnoco Rlvor outﬂow is cauaed by both sedl- . . Figure 2.8 &
ments.(mud) and rotting piiint material. This turbid water:was obsarved by the . - -
crew as m north as tlio Istand of Barbados.
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‘Figure 2.9

M

‘ Thore is'a color. gradl‘ont ln thls downward vlew of the Slmpoon Desert in

-~
s

: Auptuﬂa. The long, thin, linear dunes of sand’ weg described by the Apolio -
orew. as “hundreds_ of parallol road tracks.” Such tunes’form in’ bacp, shndy g
- . areas where. the winds come predominantly from one lr t_lo_n. The line: of .

_dunes are perpendlcular to this dlrectlon




' Thq dlroellon of lunllghl in this photoguph has made Inlernal waves vlslblo - Figure 2,10
" llowaer left). Located off the western coast of Spain, the waves were approx- - o
imately 80 to (14} kllomolon long lnd were' problbly cauud by variations In
nllnlly .

i
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. "'uestlons for, Dlscusslon C T s
B OpthS, Earth Features. Contmental ant) i __#" -

rved over the Atlantrc Oce,'an

\4'.

o € uld the nversrbe if the astronaut used hlS monocularto see them separately?

o = 4. Ifyou were an astronaut d“ scrlblng the view shown ;,n Flgure 2.6, what -
" aspe ts would you emphasize? Remember that you are movlng ‘at7.4 km/sec, ‘
. so your vréw lasts only a mlnute ortwo.

- tign|of features"

albeshorterorlonger" o S

(“.

.--« .
ol

:3 Whlch camera Jlens comblnatlon would you use to ge the best resolu-

],.

5 A ground truth team is belng sent-to. the desert showh |n Flgure 2 9 =
E What \measurements would you ask them to make?

6. T he American contments are: drlftmg away from Europe and Afnca ata, - -
“ rate of about 2 cm/yr\How long ago were they together? (Geologlsts call the .
original landmass—North ‘and: South" America, Europe, Africa, Asia, and )

Austral af“Pangaea The southem portion was “Gondwanaland “)

Lo : .
. ‘4 :
v h"- ~ ) o . .
: e . ’
.. - r‘ N
4 -, . L L
- . )
I i N - B
i ) . . .
. - 1 '
» cre * N .
"({ ! N 19
i S

one understands how they Were formed They are t60 large to be arrplane _' S
“contrails (streaks of: condensed ‘water v&r Iéft behind arrplanes flying - . -
\through humrd anQ/many of whrch were o

1. The non’nal human eye can resolve2 (separate) two objects 0. 02° apart. o

'~ thatis, youcan see separately two lines 0.03 millimeter apart ona paper thatis -

- 10 centlmeters from your eyes. How far apart' would two rivers have to be for -
the astronautsto ste them separaté]y from 220 krlometers altitude? How close™

2. Apollo-Soyuz had an orbital speed of 7. 4 km/sec The Hasselblad o
mapping camera with a 100-millimeter lens. had. a field of view of 38°. To
- obt ma60-percent overlap of successive photographs what interval between -
- ‘exposures wouldbe necessary" If the 60-m|llrmeterlens were used would the L
i -lnt C



'Cllmate and Weather \‘ ?

‘. .v .
e

Aerosols are small droplets and dust pamcles suspended in the air. 'I’hey are'-
catned to altitudes of 20 to 30 kilometers. b)l winds and atmosphenc circula- -
., tion, Their absorption’ and scattering of sunlight affects the climate and (atlow .
. altltudes) the weather. Expenment MA 001, Stratospheric Aerosol Meas-‘ N
'f',,,f .urement, used. thrée methods’ to ‘measure- the size, type, and amount of = -
" aerosols. at ‘high.altitudes: (1) counts of pamcle‘s by microscope detectors v
.. carried in.a high: altltude balloon, (2) measurements of light scattered back = -
- from laser pulses directed up through the atm0sphere and (3) measurements -,
-of the Sun‘s bnghtness as it rose or set, as seen| \from Apollo-Soyuz The first
-two ground-based methods covered altrtudes up to 25 to’ 30 kllometers at
-~ :about the same tine ‘and'in the same area that Ap{)llo Soyuz observations were .
‘being made at. altithdes - up to- 45 to 50 kllomet‘ers The. experiment dem-
- onstrated that the spacecraft technique is accurate and that it will be useful for .- ..
. detenmmng the amount of" aerosols at hrgh alt tudes (Aerosol spray- c‘ans-' P
* produce the same kind of droplets as those detected in ExperlmentMA -007. 1t
is not these droplels however ‘that may reduce the ozone layer; it is the F reon
gas tsed in the'spray cans. This gas slowly rises through the atmosphere, and -
" some scientists fear that its fluorine and chlonne may cause chcmrcal reac-
tlons m the ozone layer See Flgure 4. l ) :

’ . K ’ - - . . . A

| The Balloon-Borne Dust-Partche Counter

Balloon ﬂlghts are, made regularly from a U.S. Air Force base near Kansas
_ Clty, Missouri. One flight” was scheduled at.the same-time that aerosol -
o o‘bservatrons were being -made from Apollo at St}set at 01:38 Greenwich .~
", * = mean timé (GMT) over Kansas City on July 22, 1975." A cutaway drawmg of L
v o _ the particle counter carried on these balloon flights i lS shown in Figure 3.1. A
. , stream of outslde air is pumped through a concentrated light beam and two .
o : mlcrdscopes are focused on: this point. When an‘aerosol. droplet or dust . = .
- particle passes through, a bright flash is recorded in each- microscope by a
photomultrpher at the eye end of the mrcroscope f both photomultrphers g
. ‘give an electric pulse at the same instant, a. “‘count’’ is recorded by the o
: electromc circuit. This mechamsm lsa“comcldence ounter”’ (see Pamphlet - l _
IT); it uses two detectors to eliminate false counts: (A false count,could’ be -
recorded by.one detector if a cosmic ray passed throu h the photomultipliet. . -
Another check of false “background" counts was: made by filtering the ~
airstream for short intervals every 15 mmutes During these intefvals, there
should have been no counts, and there were none except at very low alutudes ) N
. Thé pulse size of the photomultipliers shows how la&ge the droplet or dust
pamcle is simply because a larger pamcle‘reﬂects more llght The electronics
s were arranged to separately record the pamcles of 0.3: to 0.5- mrcrometer o

Voo
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" Figure 3.1

=

" ‘The “lldar“ shown in: F1gure 3.3 is a 122- centlmeter (48- lnch) telescope

v, " . A ! o
: # . .-

” ' '.‘.'. ’\

-~

Exhaust -

o

g Sehematle drawlng of the Unlverslty of Wybmlng dust-partlelo eountor used .
for gtound ~truth moasuremonts ; » o

w.
,.-.q -._'_ .'

The Laser-PuIse Radar

- loaned by the NASA Langley Research Cénter for the MA-007 Expenment

_ ' A powerful laser is mounted at the ?elescope focus and gives extremely.short * .
" .-pulses of. 30 nanoseconds ‘duration. .A-flash of light leaves the teléscope, .. .
" travels up through the nighttime atmosphere, and.is scattered baqk towand thet . -

e dmrheter (small pulses) and the large partlcles(large pulses) (One mlcrome- '. o
teris only 0.00004 inch, ) Thq partlcle counts were radioed to the ‘ground, "
" "togetherwith the temperature and pressure at each altitude; -and were recorded_ L

~as a function of time. These_ gecords show high concentrations of, aergsols up. -

- to 5 kilometers (16 000 feet), then a sharp drop to about 1 partncle/cm" There

‘was amaximum of about 60 pamc]es/cm" at18 kilometers altitude. Above 25
.- kilometers, the particle count was back down to'l or 2 partlcles/cm" (see' T
. dashed llne in Flg 3.2). . L -

N
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v Earth by dust and aemsols The scattered llght is collected by another

telescopi and focuSed on a sensitive detector. The veloclty of llght is known;,

L round-trip time (160 microseconds- for an_altitude - of 24 kilometers), . The
b . i - difference in color (wavelength) between the scattered light and the laser light

sme and refractlve index.

.The lldar was set up at the U.S. Air Force base near Kansas Clty and used.

" made.. On July 23, the lidar- recorded some cirrus-clouds at. 13 kilometers

) _ hlgh clouds, and the aerosols agam were detected at 20 kllometers

.
-

MA-007 measufements

g
s

5 A

20

™

g Altitude, km .-

1 aaal Sy

a03. 0 Tt e
B g . ".-'-' ’ .‘ N
"Aerosol. density S a

- Aerosgol density versus a‘ltllude ovel: Kansas City on July 22, 1975

- . . . «
R . . . .
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therefore, the alutude of the dust and aerosols: can be cal\ulatedefrom the
ls’also recorded; it is used to. obtam mformatlon about the pa“i'tlcles, such as

*the night before and the night after “the, observauons from Apollo-Soyuz were

altitude, as well as.aerosols around 20- kllometers On July 23, there were o

23
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Figure 3.2 -
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Figure 3:3

e

. used to measure di

The NASA Lnngley:"}cn Center 122-centlmeter lldnr aystem. Jt ean be
o8 to. elouda. balloom. and alrphnu, as well as to

MA-007 Measurements and Pﬁotographs From
Apollo e

When hght passes through the atmosphere. some. of it }s absorbed and
scattered by aerosols and some of itis scattered by the ait molecules to give the - o
- blue light of the sky. The atmosphere also bends rays of hght, asshown.in
Flgure 3.4. This bending (**refraction’’). Is caused by the increase"in air. .
densnty at lower altitudes. ‘The light travels slightly slower inthe denser air . - .°
- and its dlrectton lschanged much like the wayacarveers to the rlghtwhen 1ts e

™ N . . B B
. . LT o T T
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- l ' Layers in the

© atmosphere

. Schomatlc dlagram ol MA-007 sunsot oburvatlom (Tho layers . ol tho atr .
moophoro and lho Apollo Soyuz orblt are oxaggoutod lor clorlty )

A . o "o

@ —-

‘ rrght wheels get into soft mu(l beslde the road and rts left wheels are stlll on B

smooth pavement. Light from the setting Sun is thus bent downward like the
.. ray to pojnt 4.in Figure 3.4, and the Sun looks higher in the sky than treally is.
This refcactlon by the’ atmosphere is similar to refraction by aglass’) prism. The

. Figure '3"..4". '

. " dense air low in.the - atmosphere is like the thick end of-the prisrt. It slows. the..
L llght more than does the less dense air at hrgher altitudes, which corresponds e
o . to.the'thin end of the prism: Just before sunset, the light reachlng Apollo at-7 2 .

~ point 4 passed through air in layer A very close to the Earth’s surface, as
shown by’ the rrow. “This light was affécted by aerosols at low altitude.
Earlier. llght passed through higher altitude air to reach pomt 3. The MA- 00 g

Experiment used measureéments of the Sun’ s brightness for 1.5 mit utes before v o

.. sunsetto estimate thé amount of aerosols in layers A, B, (o} D, an so%ni of-~
.+~ .course, the sunlight received at point 4 passed through layers B,
o -wellvas layer A, so the calculatron is comphcated

The refraction of the sunlight (béndmg foward E.mh m Frg 3. 4) dépends -‘"

‘on the change of aif density with altitude. The MA-007 scientists measured .
the refriction on photographs of the- Sun" taken with thie Hasselblad 70-

mllllmt.ter camera (Sec. 2A) using the: 250-m|ll|mctcr lens an mfrared filter. L

~.and- special_ infrared film that’ recorded- light -of 8400- angstrom (840-"
' nanometer) wav‘elength Thls gaveasharpcrphotot,raph than ordlnary vrsrble N

. St e N oL o Lo . L. - R S



llght would h.tve because much of the ltghrscattered by aerosols was ﬁltered
" out, thures 3.5(a)and 3 5(b) show one of these photographs and the c0ntours

. of brightness measured on it. The Sun riear the horizon appears to be ﬂattened

s

" because-the rays near the horizon (from the bottom of the Sun) are refracted
*. more than the rays farther up (fromthe top of the Sun). This makes the bottom
j-seem farther up. as’ ‘shown by the ray to point 4i in Figure 3.4, thure 3 5(c)
| -.‘sho\ws the apparent shape of the Sun. expected. from refraction; it matches .
-Figure 3.5(b) well. Figure 3.6 shows. tR apparently charging shape oghe o
; Sun in the last 15 seconds before sunset, (The Sun set m,uch mote. qulckly as.
.seen from Apollo than as seen from the” gr0und because the spacecraft had a

“*day." of only 93 minutes instead of " o),tr 24 'hours;): -
" The Sun s changmg bnghtness was measured for| 5 minutes before sunset
wrth the MA-007 photometer shownin F‘lgure 3.7. This’ instrumentwas aimed

' \at the Sun’ through a window in the Apollo Command Module (EM)-cabin, It.*

) was a pinhole camera with a ﬁltered phototube that recorded the intensity $,
'8400-angstrom light from a 10° field of view. The Sun is only 0.5%1n

. diameter. so thé spacecraft did not hamlnted very accurately. The -

- . astronauts could ¢heck the pomtlng by the shadow of a ptn ona wh|te ctrcle
".. (top of Flg 3. 7) .

- The photometer s l 5- mlnute record of changmg Sun bnghtnesr was

- radioed fo the, ground and later converted.to curves of aeresol densrty Versus:
- “altitude: The cuive for sunset over Kansas City i is shownin Figure 3.2; where

-

the dashed line shows the. balloon measurements. The agreemenl is good from
17 to 23 kilometers altltude The MA 007 Expenment s} re_aerosols at .

B hlgher altitudes. - - —
.~ " One-of the Soviet: expenments on Apollo-Soyuz was very slmllar to the
’ _'-MA -007 photography As mentioned-in- Pamphlet 1, the cosmonauts per-: '

formed six expenments on their'own in addition to the five, joint expenments

shape ¢ and the distances between the'stars in the sky the refractton at dlfferent

. altitudes was obtained. In‘this way, the air density at various altitudes was

determmed ‘The U.S.S. R has not yet released the results of these experi-

. ments. In another expenment the cosmonauts. contlnued photography after .
sunset to.measure the zodiadal llght (Pamphlet lll), and they photographed the - o

horizon in other difections to detect * ‘airglow.’” (You can see the airglowasa ”
* blue haze above the honzon at the top of Flgure 2. l and on the photograph on’
the cover. ) )

e CORE ST B __—

1

':4

" One of the joint experiments was (hg'Al‘llflClal Solar Eclipse (MA-148; sée .
. Pamphlet 11}y for Wthh Apollo #locked (ecllpseti) the Sun as seen from
* Soyuz. The ¥psmonauts later used the' camera from that expenment to photo-.
. graph the setfing Sun and the stars seen near the Sun; By measuring the Sun’s .

S .
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. I 3. The photometer used for maklng stratosbherlc aerosol measurements for Ex-
: s ) perimeht MA oo7» S R y .
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D ‘_.~'Results of MA-007 Measurements%
e -_‘_,-The Stratosphenc Aerosol Measurement Exaenment on Apollo-Soyuz
©" ¢ showed that a fatrly simple 7~k gram instrument’ (the\photometer showh'in .- -
PFig. 3.7) can ‘check hrgh -altitude aerosol densities in short observatron trmes
before sunset and after sunrise on Earth-orbrtrng spacecraft ln addition to the -
- v - sunsetover Kansas City, one othe¢ sunset off the coast of New Jersey and two .,
_'s nrises, one nonhwesf of Australia and the other over the Indian Ocean, were
servéd. The two- sunrise observatrons showed 30-percenL,,feWer high-
altrtude aerosols in the. Southem Hemrsphere t’han m the Northem Hemr- ' -~:,:
g sphere.“,'_."'.' o A . T )
v Why should, aerosol densmes be 50, different in] tlte lw0 hemrspheres" B
IR "Scientists attribute she ‘djffererce to a. volcano’ that erupted in, Guatemala. - R
d'unnxOctoberl974 9 months before the Apolio: Soyuz mission: During the e
~‘northern winter, there is a general northward movement of the atmosphere R
* ‘which, in’ this- case, carried the volcanic*dust -and droplets at least 2400
' .krlometers (1500 miles) ndrth to Mrssotln and New Jersey. Later, during the
~ southern wmter (northern summer) the aerospls probably moyed southward
_ Combrnrng the balloon ddta on droplet or particle size, the lrdardata on the Lo K
color of bacKscattered lrght ‘and thie Apollo MA-007 data on altitude givesan- '~~~ . ¢
S ‘estimated. 1" 43 for the index' of refractron of -the: derosol. droplets. (Thrs ER .
7, refraction is np,t in the atmosphere but'in the droplet.) The MA-007 scientists -~~~ .
T hote that this’ someWhat uncertam”frun'lber is consrstent with the droplets betng '
: ulfuric acid (75-percent H:,SG) and  25-percent- l-l;O) ich- pssibly-re- -
*sulted from the release of hydrogen sulﬁde (H28) and s gdroxrde (SO, ).
from the volcano and- the. subsequent combining of these compound,s wrth-" HEI
'oxygen arid water: rn the atmosphcl‘e '

A 3

E : ,“,_Questtons for Dtscussuon
| _.-.'(CIrmate Radar, Optrc L Lot

_ : Jn Qrder to plot the number of aerosol partrcle pet
e verSu_s the altrtude in kllometers, what do you need to 'kn'ow in: addrt h.tod

L
S
LS



10 ln the atmosphere _‘drfferent wavelengths are. refracted by drfferent

. ' ({ - amounts (Frg 3.4). How would this change pk)tographs of thc settmg Sun m : v
B T white Ii -(such as Flg 3. S(a»" ' “» '
W TR
! B m the Hasselblad camera w;th the 250-mtl'hmeter lens”
12, Two successive sunsetsdrom Apollb quuz were 93 iy
trme lf the first was over Kansas City (95° W longrtude)
Mo
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atmosphere There isa very low dens1ty. gas thete, mostly hydmgen _‘hel'mm
oxygen and nltrOgen To venfy then' the_oretlcal f-jmodels oft the atmosphetc‘
¥s5ci : agted denslti"s

N The resilts of many years of explonng the atmosphere are showtr'lg Flgure -
Y4 4.1.The heavy line is a plot of temperature (bottom scale) versus altitude (left
'.scale) ‘The scale. on the nght ives the gas pressure in millibars (mbar),. ..
. starting at 1000 millibars, Wthh is equal to’l atmosphere or 100 kN/m? atthe’
E. rt’h s surface. ‘The terms m the figure are used by scientists to descnbe the
1 yers of the atmosphere. Wthh can-be thought of as “omonskms, -each’
. ,complctely enclosmg ‘the! orie below. In some pans of the world, such asthe . .
REE lear regrOns the loWerla,yers of the atmosphere are less dense. The tempera- ;
th " ture.curve in, Flgure 4.8 A rough average near the Eanh s surface where the
troposphere' is. changlng all the time because of weather (wmds. ram ’
clouds and storms)

X : Y '-1’.!
At about l:(kl’[pmeters»ale}tude, me atmosphere calms down, ", andthe

- layers above afe more’ Stableand predlctable Above this “tropopauae.’ " the
‘ temperature starts tq ri ca 'se much of the Sun’s radmtlon is- ab’bfbed ln

Lo

the Sun s ultravrolet llght of wavelenéth shorter than 3000 angst'

: nanometers)
“In the lonosphere pressurc and. denslty are so low that much of the 1

. remmains’ romzed (Atoms or molecules lose an electron after absorbmg ",

traviolet sunllght ) The lonosphcre was first detected more than 50 yéars ago '

- with early: radar sets that ‘bounced" radlo Wwaves off. the ions. Sclentlsts

- Abov‘gthe “stratopausc the tem
pressure and denslty are so low that

reg: starts droppmg because the gas e } .
tJe sunllght is absorbed ‘to heat- the o
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o ,gas However the temperature §tarts nsrng agam above the mesopause > at
w0 about 90 kllometers altrtude‘ This outer, very low density. layer is'called the

o : .,therm0sphere because if-is very hot, as measured by the average’ velocrtres of
'.‘_.atorns and molecules: At the.altitude of Apollo-Soyuz (222 krlomegers) the

oo P above 120 krldmeter‘s comes mostly’ from. spacecraft~and rocket llr;\easure’

“ments, The. pressure and the density 'keep ‘falling, wtnch caqses the fempera- -

. ture to rise, and the composition changes (re%auvely rnore hydr geﬁ and” -
, helmm——see Pamphlet 1I). The outermost layer, called the geocorona, is -
hgdrogen and extends outward 50.000 krlometers ‘where it merges. -
,\{ery low density. hydrogen and heliumi between the’ planets In the:
oW de’gls;ty regions, - -information -about composition’ can be" obtained by
g obsennng the light emitted or-absorbed by the gas as revealed by absorptron -

and em;ssron hnes in the spectrum ‘ -l

B Spebtrum Lmes of Atomrc Oxygen and
- Nltrogen S U 7R

" Gases can emrt various colors of lrght and thrs property is used in;ne
for advemsmg Pure neon, radrates a characteristic red Jight when excrted bya
’drscharge in a sealed glass tubs; and o6ther gases at' low pressure emrt other_

~colors. A .spectroscopé shas *‘emission lines' in the spectrum (see

. Pamphle' 'f:lI\ and [II); that is, the rntensrty is strong in. a number’of narrow

. bands. bf wavelength (color) and the pattern of bright lines is characteristic of o
:the emrttmg gas. When'light from a distant source- passes through the same'l
- gas mosp.of the same wavelengths are absorbed by the gas, leaving gaps, or; .

absorptlon lines,*" in'the same pattern.? Themore ‘gas there is along: the line

) " S Qf srght,_the darker the absorptron lmes Screntrsts measure these lines wrth a . :

r” ‘ (R
L N

© “Project Physics, Secs. 19.1:.19.7.-19.8; P T Secs. 26-2 10265,

£ .
oy

ey

LBy
X
.

" gas temperature is about 780K (507° C). Information- about the 1onosphere'

m lrnes to rdentrfy gases in mterstellar space and to estrmate the )

ngfthe.-
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Lol The spectrum hnes (both emlsslon and absorptlon) were explamed by
""" quantum theory in‘terms of electrons in orbit around the nucleus of an atom. .
" #ach orbit has a dlfferent energ}* Accordrng to quantum theory, only certdin,
: speclfic ‘orbits are *‘permitted,”” with energies: E 1 'E,; E,, and so on. These: -
*‘energy levels are different for each kind-of atom The spectrum lmes come
* from **electron j jumps’ > bétween’ energy-levels, downward for emission hnes 4
Do 4-and upward forabsorption lines. In a downward jump, the atom emlts a’ B
R R photon If the electron jumps fromE toE ,» the photon has energyE —-E =
e T hf = hclX, where h is the Planck constant ,fis the photon frequency,andcrs the
o " velocity of light. So,-all the jumps from £, to E, give photons of the same . .
“ 7 wavelength A. leferent kmds of atoms- have dlfferent E;E, E,, and S0 !m :
~ and thus emit photons of differes twavelengths This pattern of wavelengths in':
S .. the spectrum is often called the gerprmt of the atol;n” because itis umque
O = . v e . "o one kind of atom. : _
e o Thepattem of absorptlon lmes is the same “ﬁngerpnnt” because that one ' g
e kmd of atom absorbs photons of ¢ J;ergyE — E, when'it} ps fromE;toE,.
“o s ' and photons of energy E, — E, when it jumps fromE to 3~ These. are the
- ‘. . same energy. dlfferences—photon wavelengths—as for the emlsslon llnes
e . """ Thus, the ﬁngerprmt of the atom is the same in absorption lines as in émission

e e lines, with a few exceptions as noted below. Figure 4.2 is a diagram ¢ of
A . energy levels wnth the downward (emission) and. u;fWard (absorptlon) _|umps
L e markegw:th arrows. For most atoms, the energy levels must be arranged in.

~ .« "+ .. columns (not shown .in Fig. 4.2), and there’ aré “selectlon rules’’ about

", which jumps are most probable ‘between levels in-the various columns..
4 The lowest energy level, E | is called the ** ground state;”” and each atom- :
. preférs to be in that state. If an atom absorbs a photon or is joggled into:a-
; hlgher energy level by hlgh temperature or by collision, it can emit a photon
_ and return to E, almost mstantaneously In the cold dark of interstellar 'space, -_ ‘
most atoms are inthe £, level, so the JumpfromE toE, (whlchoccurs whena o

photon is absorbed, thereby remoVing it from the hght beam) gives a strong N .

- _ .. .absorption line, called the resonance line forthat atom. The same w velength"
€ " “will be emitted later: becausqthe atom “prefers” to be in the lowsst energy .
S . R ground state. This reemission or *‘resonance scattering’’ does not *“fill in” the
e .absorptlon line because the- emmed photons go off i in all dlffergnt drrectlons,_
' " . - not just-along the light beam from which photons were first absorbed.” - .
.+ Inthe laboratory, physicists have measured the probabllltles for absorptlon
-or emlsslon of a photon by each kind of atom and the’ probablllty for eagh
- energy _|ump, If 100 atoms are. m the levelE in Flgure 4.2, the physlclsts

APSSC. Secs. 34-2. 347,

w
S
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second. If 100 atOms are-in level E w:th .many photons; passmg them (in

- known for- ‘most kinds of atoms and the resonance. lines are the most probable

. .in the lme qf sight. that were in the E | ground state
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Sehomatle dlagram of energy levels in one kind. of atom and ]umps glvlng"

W that 20 of them wxll jump to E, and 80'to £, . in less than' a micro-

.. §trong sunlight, for instance), 70 w:ll_]ump E,, 200 E,; 5t0E,,and5t0

* - other higher levels. /(These numbers are cited for. lllustratlon only ln actuallty,

_ there ‘are.many- bxlllons of atoms,~and- the’ jump probablllty is not an'even .
.. percentage like 80 percent. The point.is that these _probability numbers are :

- lines l’oreach kind'of atom.) Therefore, onpcan calculate from the mtensnty of =
o theE E emnssnon -line strength how many atoms in the lme 0fs:ght were L
*in the E level TheE — E,, absorption liné' will gwe the. numbemf atoms-‘

Fltluiq 4‘.42' " .
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T

. . B is more compllcated than the one shown in F|gure 4:2. Some 80 yeérs ago,
PP phylelsts found that some.energy _|umps did not take place ‘and they called
I '~ " these jumps “forbldden.transttlons »* When the energy levels were plotted in
T S }separate columns it'was possible to make “‘selection rules’”; statlng which, -

Coos D .- omers found some of the “‘forbidden lines*’ in‘the; spectra of nebulae—vast
- 7. clouds of low-density, glowing: gas between the stars. They are stlll called

" jump’ from level Ef toE,is not, really lmposslble but just very tmprobable
.+ The atom waits fora second or two in level Ef before jumping to E ,.*Under
. most conditions, the atom is bombarded many. mtll|ons of times durlng a
second and gets joggled out of Ef before the forbidden j _|ump can take place

:
)

i _laboratones Co =y
© .-Invery low. dens|ty gas near the top- of the Earth s atmosphere and in-

_|ump|ng toE and gmitting the forbidden line, Th%’aurora (norﬁtemllghts)
. . and nebulae mostly glow in forgidden lines of oxygen The- atoms of oxygef .
... are raised to the energy levelEfby solar-wmd bombardment and the oxygcn
.. ¢ .. jons (Q“) in nebulae get 'to theif energy level Erby similar electron
R -bombardment The _absorption of a forb|dden lme is. posslble but, vcry
e rmprobable so0 we do not expect forbi
S S - A resonance line of atomic oxyge
S (l30 4.panometers) and. aforbrﬂd,en_.
* . ‘nanomieters) are . shown in Ei ur_e :
~ “voltage radmfrequency' oxygen" amp However when llght passe‘s throu,g"
- atomic-oXygen gas; only the: l3ﬂ4»angstrom lme is absorbed. The; same’
- true for nitrogen with the resonance line at 1200 angstroms (120 nanorﬂeters)
o and the forb|dden line at 1493 angstroms (149. 3 ‘nanometers) (F|g 4.3). A
S nitrogen lamp produces both lines but only the. lZOO-angstrom line is absorbed
sl by nitrogen atoms: These wavelengths are short; they are in the far~ultrav10let

v L - ‘part of the. electromagnetlc spectrum (see Pamphlets ll and Ill)

-l C -’:Absorptlon by Oxygen and Nttrogeh
o -at 222 Kilometers Altitude o

N "T M. Donahue and hls team planned the MA- 059 Expenment to measure the :
absorpuon of l304-angstrom light by oxygen atoms and 1200- angstrom llght

. by nitrogen atoms between the Apollo and the Soyuz spacecraft ‘The basic: '

: . . idea was to shine’ l|ght from an o?tygen lamp and a n|trogen lamp g)ward

k%

SR L

< - - ‘A : . ‘ “A comp\e and accurate dlagram of energy levels for an atom ltke oXygen

.“transitions were: perrmtted” and which were “forb|dden * all’keyed to a set R
_of three quantum numbers associated with each energy level Then astron:_

- **forbidden lines,” " although the quantumtheorynow showsthata“forbldden L

. nebulae between the stars, an atoni may not be- _|ostled out of level £ before '

NE
4

v That is why l9th»century phys|C|sts never observed forblddeq lmes in thelr ', '__.

v
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Soyu'i " here a mrrror would reflect the light back. On Kpollo, the intensity of

- the 13( angstrom line’was measured and compared with the source. The

difference after. cdrrectron for mirror refléctivity, shows how much llght was
.absorbed by oxygen atoms between Apollo andSoyuz The same is true for the L
-1200-angstrom line of mtrogen The mirror on Soyuz was a set.of seven.
" retroreflectors . (* ‘cat’s- -eyes’’), each 3. 3 centimetess wide.- (These feat's-

eyes” are betterthan a plane mirror. because they reﬂect llght back i in exactly
the same direction from which it came )
nght from the’ oxygen and ngyogen lamps was pomted at Soyuz as shown

P

MA 059 equrpment was mounted on.the side of the Docking Module (DMy

facrng away from the qullo CM and Apollo had to be pomted S0 that the'

ERIC
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#150) - (012000 . (12500 . (1300) » (1350) 41400)..- * (1450).  (1500) - . i

~in Figure 4.4, Each lamp faced a.concave mirror that reflected aparallel beam
toward Soyuz. Pait of the reflected beam returned between the two concaye C
mm‘ors and was foqused on the slit of a. 'spectrometer at the left. All the =

Figure 4.3




. oxygen lamp but adee the3plane of Figure 4.4. The astronauts could look".
: out a wmdow ui the CM past the DM and see whether the bnght whxte

Ni’trﬁgen,
“lamp.

._gl'

.. Figure 44

mtensmes checked the reﬂectlvnty of the- retror ﬂﬂi
about 0:8 percént .
One prbge_nl was' Doppler shlft (see Pamphlet V3
spacecraft were movmg at'an orbltal speed 12 OF i,A

Q
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’ 'Apollo.soathat the beam of light to Soyuz was across (perpendlcular to) the RSN
“* velocity vector.. The easiest way to do this was to swing Apollo.around'the s =
+ - side of - Soyuz as shown in Flgures 4.5and 4.6 ‘This. ‘was done three times: L :
ouce at 150 meteérs separatlon once at 500- ‘meters separation, and once .at
.- 1000 meters separation, The idea Was that the maximum absorptlon of the " -
- 1304- and 1200~angstrom lines would occur. when the Apollo-Soyuz line of - .
- sight. was at'a'90° angle-to the veloclty véctor v..At this angle, the'reflected - . . .
-’ beam at 500 meters separation was expected to be reduced by 41 percent' S
. ‘because of oxygen absorptronﬁnd by 20 percent becaiise of mtrogen absorp-- . .
. 'tion, assuming the densities.2 X 10° oxygen atoms/cm? and 2 X 107 nitrogen " S
- atoms/em®, If the absorptlons were found to be more then the densmes S
"% 'would be higher. '
. Another problem was . the émission of the resonance llnes at. l304 and IR oL
‘ l200 angstroms by oxygen . and nttrogen atoms in the beam. This emrssnon R R
“ would fill in the absorption" lines a'little—a few- percent if the Soyuz mifror -+ -
.(retroreflector) reflectmty was about 1 ‘percent. If th&Soyuz mirror were'to -

T get dirty*(as jt\did, in fi e direct emission:line intensity would be . - o
CoT hlgher compared to the absorptlon llne |n the beam reflected from a dmy CE e,

. D '_;,‘MA-059 Oxygen and Nltrogen Densnty
T Measurements o

. On July l6 1975; 27 hours after the Apollo Soyuz mlss10n started the,.‘.
‘MA-059 equrpment on Apollo was tested while the’ outsrde—door (off the \ S
9 .4) was closeﬁl Thé door had smalt mlrrors on the mslde' R

Soyuz undocked isepara
Z, and the_',wmonaut

: _nauts moved Apollo around the g

Wed' in-the 33° arc, 150 meters from:

INEAZ059 lamps were on apd the spec- -
flies. of .the l200- 1356- and l493-‘. '

‘}l
n&
e
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Ilustration of t}h.e.MA-O'SQ isOQineter data take. .Th‘e's,yn'l_bol'v,_rebrésehﬁﬁ _

" “all four lamp emission lines after the door was

. y . A
+ . - .
" K L =
‘ N . -

velocity vector. o o f
. . - . N .6 . .~
’ ) T .

I, ¢losed. The scientistsat the -
Mission Control Center at JSC in Houston thus conclyded that the sideward
retroreflector .on_Soyuz was*too dirty to reflect farfltraviolet light. (Dirt
could have gotten on the retroreflector during launch or could have.come
from a nearby oil leak.) The scientists asked the cosmonauts to swing Soyuz
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Hiustration of ‘the MA-059 st-Wdata' take; v 'is the velocity vector.




: unng the ‘tiext. spacecraft mght
: Soyuz along the 32" arc shown in H

e LT o ’__the spectrometer scans were normal agam - i
I .. "~ "The following’ spacecraft, ‘night; Apollo. moved 800 meters above Soyuz'
G et o0 and along the 30° arc to '1300 meters above (Fig; 4. 7) From these larger- -,

' 0,7, distances; and in bright moonlrght the astronauts ‘had: drfﬁculty keepmg_

IR Apolio aimed at the. Soyuz. retroreflector,. so onl){a few.good spectrometer: |

Lo . ... . .scans were made’ Also, the calibration clieck « with the MA-059 dgor clos:

showed that the lamp beam was: low by a factor of- 4"‘ s

' from’ Apollo s orbrtal velocrty vector v, but at ﬁrst the bearrl was.on the -

SN o itting the ‘spacecraft at 7.4 km/sec. Latér the beam was moved afound to -

L forward side (Fig." 4.8(a)), where the oxygen. and mtrogen atoms were’ .

"j'_ L e Lo theback srde (Frg 4, 8(b)) As expected the em1sslon lmes (1304 ahd 1200 R

lO times hlgher on the ram srde" than’ rn the wake" of the DM
* . After correctmg as best théy could: for the. changmg reflect,mty and beam. :

.‘._strength the MA-059 screntrsts collected all the measurements ‘of absorptlon_..' - .
?’ - at 500 ‘meters separation.and the- emlssron-lme intensities that had been :. = -

+altitude is 1.5 X 10® oxygen atoms/cm"’ wrth an ‘ervor of £20 percentfvand'.

. '8:6.% 108 mtrogen ‘atoms/cm? with dn error of +25Fe'fc’e“‘ht—'l'hese densrtres_ -
~..are consistent. with measurements made at-340 kllometers altrtude by the'

"NASA ulrma,nned Atmosphere Explorer satelhte : '

e -\_

ERIC

Aruitoxt provided by Eic:

-measured at varying times. They concluded that the densrty at 222 kilometers - ERP



o Al
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T .+ Horizontal distance, m

. ilugtration of the MA-059 1000-meter data take; v is the velocity vector. . Figure 4.7 . """ .

ERIC

Aruitoxt provided by Eic:
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(ﬁg 4. l) heated” Why are troposphere temperatures near the Equator hrgher B

han- troposphere temperatures near the poles”'

altltude why- weren t the Apollo and- S?yuz _spacecraft unbearabl!y hot” '

. _-;lS lf a radio pulse is reflected from the mesosphere (Flg 4 1) what is
_ mahasiust.slx energy levels (Ev Ez, Es, E4, E5, and Ea) and &
all%umps@are alIoWed how many spectrum lmes can lhe atom absorb and v




R e . ' Cor P . Voo

R

Ly ;Dlscussion Topics Answers to Questions)
i"- 'i: iu\ 1. (Seég. 2E) The’ rtver~se tn,on X is 'the small snde of'a. trlangle 220

- kllOmeters long This tnangle i snnllar to thelme se‘paratlon 0f 0.03 millime-
_terona paper 10 cen,qmeters away. 'So;, x/220 kilometers = 0,03 mtlllmeter/
10 oentlmeters £"sin 04017°, agd x = 66- meters The monocular was;'*X 16-
power whlch;nlarges angles 16 times; Sothe 66-meter nvver separatlon just

- o { . ﬁwnth the monocular R ‘.f )

.

o L 2 (Sec 2E) The 38° field: of ‘vnew of the camera cowr.sponds to. l44
- . kilometers on the ground (From the center to theedg sl9° and 222 sml9°
equals 72 kllometers, thus, edge-to-edge is 144 kild meters ) 'l-‘o obtgin ‘a
- 60-percept overlap. you would want photographs tltatwere 40/ percent of 144

or:; 5‘7 5 kllometers apart. The ‘time for Apollo-Soyuz to move 57 S kllometers s

Pooa

W ' "; -+ is87.5/7.4 = 7.8 seconds. If the 60-millimeter. lens were used, the ﬁeld of
2 - . viewonthe gmund would be: (100/60)144 240 kllbmeters and the mterval
: wouldbel3 seconds P D W oy P

‘ . scale (Fig. 2.3) and- therefore the best resolutlon ,N IR o

; perceptible to the naked eye.was reduéed to 66/ 16 4 l meters perceptlble -

3

Lo

°

KR

. 3. (Sec 2E) The Hasselblad wrth the 250 mllltmeter lens glvesthe largest

4. (Sec ZE) “The one thmg l notlced was that . line‘'on the left tlp near .,

5 :t.’.i_,‘ : [ the end ... makes a bend ta the: left and:follows a new tectonig lme or- fault
e " “which goes along parallel to the Turklsh coast.sIn other- words, the oné on the -

-left, number 1, goes up. and then makes a lgft tum and’ parallels the‘l‘ urklsh
coast. [Number] two seems to be obscured and it _]ust ends ina lot of Jumbled
_ . 7. ‘country..and it seems to end nght in thlS jumbled area’ [Number] three I
. . . could trace clear uptod nver which—P1l have to see a map later. But | could

-+ trace the faults out, gomgrather eastward. ‘You could see them through the -

. . valley silt, clear up to ariver Wthh must be inland:in eithe’r Syria or Turkey.

~ So the overall pattern of these is a fan;[number] three gomg almost: éastward, * - - -
~.and [number] one bendmg finally to the north, and [number] w0, gom'g to the_ o
- northgast.”” (Verbal comments made dusing the mission by Astmnaut Vance' "

. D Brand ) Other reports referred to colors on the color wheel

. Lo . ‘. yellow sand to the left of the center. The ground- truth teams shNuld measure
ST ~:*" the surface color on either side. of this line and. also analyze the sand. for

.. two points along the red-yellow dmsron lS needed to pmpomt map coordl-
o natesmFJgure29 oL . E a‘t' i

.
L e

-

a3

-~ " o L e
_— & - 0

-

e

‘i

S. (Sec 2E) In Flgure 2.9, there isa shlrp dmsxon betwe;,n red sand and S

. evidence of its age.’An accurate survey of the latitude and longltude of at least ' -

6. (Sec 2E) The dlstagce (rod'ghly along the Equator) fmm the eastem tlp o
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pf South }\menuato the“dentl’ in Wes'Afnca (neaPthé Congo R&vbr)where '9 AN
‘ xtcam!'ftomrsabou‘t,SO(ﬁkllomet s. Atzgmly? this contineatal driftwould -~ "< .= c
takES X lq,' cennmetcrs/ Q. em/yr) 2 5 X 103 years, dnsqmlmon YWS BN [

7 (Sec. ﬁl Aeroscﬁs at’ hrgh@altrtudo scattér sunhght"arm reduce the
o amo‘qtreachrngtheﬂ!grth\s surface Tﬁerefore a&rghél‘aemsolcouawould“
decrease the surFace temperature - . :

8.\‘ (Sec 3E) lnaddltlontothedusﬁam lecodhtspersecond'y dto TR e o
knowthel{olume of atrpu;npgd throughgime: ust-pamgle\opunlbreachsecon'd R
"Yog.also need tlre convers|on from- measured outside alr pressure‘tc? altrtude

.

i , o t9 +(Sec. 3B) Thé Trme up and Uhck can bc‘measured wuth an error % Bt
nanoseconds, so'the timeup to the aerosol is in error by only’15 nanoseconds. <. . . .
The speed of ljghtc is 3:x 10%m/sec; fherefore‘ in'15 X109 seconds, light . - -

. moves(l5 X 10- 9) @x 108)'='5 x ll).“ tbrO S.meter Theerror in altltu le o
thus is'50 centrmeters f ST ) ST e - ,,". Ta )
. . AR
10. (Sec 3E) Blue llght is refracted-more than red lrght withﬁther colors,""-a S e
- in between (see Pamphlet 1I). White-light photographs ‘of the setting Sun® % . "

. woul(fbe blue on.top and- red on the bottom. A star would show X small -+~ wo
spettrum from blue on top through green, yellow arul orange to; red ‘on
e thebottom IR R A t :

“\..

11 (Sec 3E) The Sun as seen from the Eanh or from Apollo is 0 5° in
. diameter. In the triangle from lensto film, the size of the Sun ] image is equal RO
- to%O m1ll1meters s|n0 5° = (250 mrllrmeters) (0 0087) = 2 2 mrl‘llmeters in ;.
» drameter S 3 o ~' . . i S
: 12, (Sec 3E) ln 93 mlnutes, the Eﬁth rotates eastward/(93 J'lutés/2¢ R TN TP
hours)360° 23°, Sodhe secondsunsetwouldbe23°fartherwest 95°W“=F S e
23° = ns°w (west of Mextco). - R ; SR
S A S o el
13..(Sec IE). ln the troposphere _|ust above the Earth's surface the airis * - S R
. heated by the surface, ‘which: derives its heat from the Sun’s llght and from ° . . - R
mfrared radiation that penetrates the atmosphere &he surface passeé\sheat to- " ' B
"~ the air dlrectly by conductzon and by radiation’i long- ave infrared. rays. L
Hot air nsrng ‘from near-the surface carries hiéat ‘to higher altitudes bX. ST CRRE " SRR
- .convec¥on." Near the- Equator, sunlight strikes the” Earth’s ‘surface almost - R
e perpendlcular to the.surface which glves the surface more hesz per “unit area - e ,
* than® at hrghqr latitudes. ._5‘- L -_: . R S o ’ &,

; : 14 (Sec 4E) The hrghtempexatureofavery lowdensrthasxsmlsleadmg . '_"'j' o a0
Becausethenumberofaff)ms, rons,andmﬁleculesrnlcublcmeterrslow the- - L
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total energy per cuhrc meter is low alsd" and the thermal energy recerved‘by
Apollo-Soyuz was therefore very-small T}re spacecraft lost energy and:was. -

. cooled by radiation. The spacecraﬂt temperature was controlled by:the balance
between 1ncom1ng ‘solar radiation ‘and ‘ouitgoing spacecraft’ radratron The '~
- 1ncomrng solar radratron Was redtced b)f reflectrve “radratron shrelds” of -
K _' " inetal- covered plastrc sheets. - : : s

‘18, (Sec 4E) The mesosphere is at 90 kllometers altrtude (Flg. 4 l), SO the

e c - drstance up -and back is 180 kilometers. The ‘round-trip radio pulsé time is".
S 180 krlometers/c = 180 ktlometers/ (3 X 108 m/sec) =6 X lO" seconds, _
e oran00006secondechodelay _'-1

16 (Sec ‘4E) “Jumps or“transrtrons"areposslble between eachparrof .
~ the six levels. An upward jump, absorbs the shme’spectrum line as the
- downward jump-émits betwéen any two’ enérgy levels. Therefore, there are.

' ;.".‘ T * _ . five downward jumps toE four toEz, ‘three: toEs, two to.E‘, -and one toE
I "7 for a total of 15 spectrum lines. Real atoms have’ many more levels and
B spectrum lrnes than thrs simplified example. . LT

17 (Sec 4E) The weaker lines at longer wavelengths would be less effi-

R S B A crent detectors of oxygen atoms; that is, there would be less i 1ntensrty absorbed

B peratom in the beam between Apollo and Soyuz. Because the objective wasto .

oo 7.t 0 measure the number, of oxygen: atoms, the stmngest (“resonance”) lrne\at
l304 angstroms was. best SRR

P ' L '. .18 (Sec ' 4E) Wrthlargerseparatton there were more oxygen and nrtmgen L
s = -atoms in the beam ‘between Apollo ‘and Soyuz, and the absorption could be_
.- *. . measured more accurately This advantage was offset by the. dlfﬁculty of

¥ ] "% aiming the lampbeam tohit, the. lO-cehtlmeterretroreﬂectoron Soyuzwhen it
R - was. lOOOmetersaway i o B ..
.l'v"' n PRERR 19! (Sec 4E) Preventrng oil leaks andothercontamrnatlon around Soyuz is .

 the obvious way to keepthe retmreflector clean. Another solition would be to
eliminate the retroreflector and put the lamps on one spacecraft and the
_ spectrometer on the other -
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lnhmatloml Syttom (S1) Units . S

o Namcs. symbols, and conversion factors of. SI um(s used in these pamphlets

CQuumtty  Nameofult - - Symbol Conversionfacior .

:Distance” - . . ‘meter .. m . Lkm= 0.621.mile -
S - s ' m=328ft"
l1cm='0:394in. .-
T R T 1'mm = 0.039 in; = - 3
L T T T "". lp.m—39><10"ln lO‘A
Lt o L 1lnm=10A |

“Mass o - kilogmm --kg’, 1 torine' = 1. loz'to'ns'

e T 1kg=220 ;
e I gm = 00021 = 0.035 02 .
,»/ A R . A . v lmg: .,2 20X10'°lb. 35x 5:()‘5:‘,5“'92-"

- Time - - ' second ST sec lyr»— 3.156 X 107 sec o
CUR ' L et 1 day=-8,64 X lO‘sec LS
@ . <L 0 Thr=3600sec -

Tl - N
L e

- Teinperature” L kelvin UK amBKE (e wE
R T e 373K =100 €= 210 F...

Area - sjquére'meter ) ',cj : 'm’ . lbm2 = 10‘ m’— 108ft2 :

" Volume _cubjc meter -."!3_,i'-.-~-"l”'m3 = .'10°~ cm'°. =~'-35~ft’ -

R Hz l Hz = l cycle/sec o
o o " 1 kHz = 1000 cycles/sec . -
PR o l MHz = 108 cycles/sec _

Frequency -

,IDe'nsity A v '-kiiograrfn' per-. 4‘7 B “I‘cg'/r_n". » g kg/m" = 0001 gm/cm" )
st Tt sn Ccubicmeter: St gmlem® = denswy of water ~ .

Sp'egdfv'e’locity..']. mété_r ber second . . . m/sec "1 mfséc = 3.28 ffsec . w0 E
o oo lkm/sec-2240m1/hr :

. .Force . Q."‘--.g,he‘wior,' St N lN—lO"’dynes—0224lbf




< Name of unlt .

Converiion factor

BN - . m;te:..'.:‘.'

: .';.;.;,qwgoﬁ_per square o

CIN/m? =145 X 10~ Ibin?

- 'En#fsi'.

C1Y= 0239 calotie

- 1,eV =160 X 1099 Ji 13 = 107 érg

-

Power -+ . watt,

WS Elsec

o Atomic-mass _ '.

s

T - . . .y .:;U', A
) LﬂlO_mIC mass ,u\!llt_ AN

Lamug= 166 X107 kg -

4

- Customary Units Used With the St

‘Quantity

> a

. Name of unit .

'Convé;sion ch'tdr o

g

o ‘W'avevl,enéth of

~ .. angstrom
Tlight o oot o

e
A

1 A=0lpm=10""m .

o

| B .'Ac'c.:elell'at'it)n AR g
© . of gravity . '

v

1g=98msect ;. - o

Cwel T
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- BT
M e v
abn '
. Ve
. , < .
.. . . ¥
v

R

S L Abbreviatigp: « Factor by which unit
e TR ey ismultlplied |

lO” f

. Powersdf10 . Uil

G e R

- Increasing .. . . ) Decreasing’ i

-t

.'1'/'1'06-4,0.01 |

(10 = 100 - E - . ‘ . . ' *lO" .
11000 £ -0.001 ©

I3
e

o= 1000 ST o-3

S

o 10000 ete; e 10-@1/10000 00001etc

N4
e

Examples I Example' RS *ﬂ

»

2 108 = 2oooooo e '5.67 x__,quf =0,000.0567

> By .

2 x lO"o 2 followed by 30 zeros .

ERIC SHE . .

Aruitoxt provided by Eic:




~ Appendix C

. ;Glossarv SR
. R _‘ - ' References to sectxons Appendxx A (answers to questlons)

LT absorptlon line a gap or dipin a spectrum “caused. by th'
S Tl T speific wavelengths by a gas "between a“light source &

. (Secs 4A 10 4C; App: A, nos. 16; 18; Fxgs 4.2, 43)
o S ./ _aerosol very small particles of dust or droplets. of: hqun 'sus
Ly . Earth’s atmosphere.. (Secs l 3, 3A to 3D; App A, o
33,37 ; R

. nos. 8,9, 15; Figs. 3.2, 3.6, 4.0 . : o
angstrom (.&) a‘unitof wavelength used by physxcxsts for:dorothan éO
1 angstrom = 10 !° meter or 0: 1 nanometer h

~(CM) connected to the Servxce Module (SM) and“ h
"(DM). For 2 days the DM was attached_to 'Soyu

_ averaged over several years (Sec 3 App i
. a color wheel a devxce for deschb,tng visual’ col
L concave mlrror an, oppqal comenent ttmt act

. adlacent to them (plates) (Sei,
- contour aline corfnectmg pomts of‘eQUal valy
" bnghtness oR @ photograph (Sec 3C «Fxg

ERIC

Aruitoxt provided by Eic:



e

-'.4-'»_‘.'-‘ . : gty glows The pattem ‘of. sevoral -emjssion: lines is charactenstlc of the gas:
: nd is the same as the absorptron lines: absorbed by that gas’ from hght.

Figs: 42, 43)

quantum theory explatns and predicts dlscrete (separate) energy levels for
each'kind of atom. (Sec.. 4B App. A, no.. 16; Fig. 4.2) .

B fault acrack in’ ‘the Earth’s crust where surface rocks. have shpped up, down o

. or srdeward (Sec 2B;. @p A, no. 4; Fig. 26)

(Secs 2A, ZE 3C; App A no.. 2; Frg 2.3) .
. fllm a plastrc strlp coatéd with' lrght-sensltrve emulslon on one slde used 1o
record focuSed images in a camera. After devel0pment black and—whitej.
- film shows-anegatlve image (blackened where light struck it). Color. film,f'

B -after proCés‘srng, shows the colors of light that struck it.. Red and infrared " .. -
film record longer wavelengths of llght than does ordrnary film (Secs .

. 2A, 3C; App.°A, no. 1)

, ‘_ focal length the drstance from a lens to its focused lmage of an. object vecry-'

: far away. (Sec. 24 Fig. 2.3) -

© forbiddeh lirie a spectrum line thatc
~ absorbed by it. (Secs: 4B ; 4CY-Sex
{Greenwich mean time (GM
12 hours- at. noon- t0;24

matted by alow densrty gas but'

(fé;l(}'t lirie, eﬁergy ]evel ispectri
&fan-€vent, from 0 at mrdn
urs at, mldnlght as measured at 0° longttud 4

B

Pamphlet L

. (Secs. 2, 2A; Fig. 2.5)

Flgs 24,31 ¥ .
infra’l‘ed,(mvmble electromagnetlc radlatlon wnhfwavelengths from 0

;Frg 2.2)

'4A Fig. 4.2)

ERIC

Aruitoxt provided by Eic:

A emission }lne a small band of wa\lengths emrtted by a low- densrty gas when"_._ -

- i asslng through rt (Secs 4A 4B - to, 4E App A nos 16 l7, -

S energy level a speclfic mtemal energy that one krnd of atom can have The L

s fleld of view’ the angular area covered by a camera Or other type'of detector -_' _.

(Greenwrch near London England); used on the Apollo- Soyuz . mrssron :
- and other space’ rmssmns to aVOrd confuslon wrth other tlme zones See o

groundtrack the path followed by a spacecraft over the~ Earth's surface SR

E ground truth measurements ‘made from the ground to confizm or callbrate RUE
measurements made from a spacecraft, in orblt (Sec 2C App A no 5 .

-atom with one or more electrons removed or;. more rarely, added c

m\lrght amplrficatlon by stlmulated emlsslon of radratron) a llght'
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dlstant ob_|ect to form an. lmage of that object (Secs 2A 3C App A
nos23ll - Figs. 2.2,2.3, 31) .
: .lidar a pulsed lzght detectlori and rangmg mstrument sumlar to radar radlo .
“detection and rangmg) Lidar was used.to measure the altltude of osols -
S - and the_ droplet characteristics. (Secs 3&.—?:D‘~App A, no. 9; Fl‘g".i‘ 3).
Ty MA-007 the Stratospheric Aerosol Measurement; Experiiment on the Apollo- :
*"’1“’5’4‘:;? Soyuzm‘nsslon .(Secs.*t, 3, 3A, 3B, 3C, 3D\ Rigs, %2, 3.4,:39)
R MA-OSN’ﬁe U]travnolet‘Absorptmn E.xpe.nment (S’qés 1 .4 4C 4D 4E.
“App. A, nos. |7, 18; Figs. 4.4 0'4.8) .. " F5" ;
MA-136 the Earth Obse{v,atlt}ns and Photography E.xpenment (Secs 1 2
© 24, 2C, ID; Flgs 24528 '
' MA-148the Artificial Solar E.cllpse Expenment (Sec 3C) See Pamphlet lll '
.. millibar (mbar) a unit bf pressure equal to: 100 N/m2 ‘used’ for measurmg‘
o * atmospheric- pressure. (Sec. 44; Fig. 4. .- "

'."-,f,’--. L : o o o “monocular a small telescope, like' bmoculars but for one eye only (Sec 2B;,-:
." P . x . .' .« App A no l) . u,, ; H? -

orblt the: path followed by a. satelllte around iin astronomlca dy, sueh as _ v
" the Earf or‘the Moon. The qrbit number was gsed on’ pollo~Soyuz to el
ldentlfy the time. (Sec, 2 Fxg 3. 4) ' .

<. motion of . plates and subp’lates (Sec 29)—

. Pﬁm:lpal lngshgatorthe individual responslble : a.space expenmentand"
vl ferreporting the resultS\ ' R R e
T radar (radlo detectlon and rangmg) mmmtter that sends a ragiy pulse,‘.'. -
[ '_ -towird an object and measures the time lnterval uniil the reﬂected (echo) . .. "
: B pulse comes back. The time lnterval glvesthe range (dtstance) of the object[ ' .
- e ; -(Secs. 3B, 4A: App A, no. 15). - RN
e _-0’,‘17} CL e ,\‘ : reactlon-control Jets small propulsnon units on a spacecra“ff . ,sed to rotate or Y
LR ‘j N accelerate it in" a. specnﬁc direction.’(Sec: 4C) ‘See. Pamphletl _ ' RN
EU T reﬂectlvny the ratio of the reflected intensity to the mtensrty falhng on a”_. R
AR mlrror ‘or retror:eﬂector (Secs 4C 4D) : :



refraction the bendmg of electromagnetrc rays. such as lrght or radro waﬂfes’,
where the matenal they are passing thnough changes in densrty, composrtrbn, |
- or other propertre,s (Secs ZD 3C 3D, 3E; App. A no. 10 Frgs 3 4 L
3S(c) 3.6) A
reﬁ'actlve index the ratro of c (the velocrty of li
e velocrty of . light through a transparent substance
: j lowers the ~velocity-of :light slightly and. by, a" drffe nt. amount—low-‘i_‘,""i
) denslty airhas a ‘different refractive index fmm hrgh-t ensrty air and from: i
water, glass; sulfirric. acid, etc. (Seg. 3D) . : ~”:‘, ‘,"f ,:2
Ll resonance line a spectrum . line. resultrng from a Jump between the two” :
: lowest energy ‘levelsin an atom. A resonance lme is strongly absorbed —

‘_ and strongly emrtted (Secs 4B, 4C; App A, no '17;Fig. 42)
retroreﬂector three mrrrors perpendrcul&r‘,.go )ach other (like the. msrde
comer of abox) These mrrrors reflect any;,‘ tering llght ray. back on: rtself
h comer reﬂectors made +up each retroreﬂeotor -

t ln a vacuum) to the

scattered illght hglrt riking. fme aerosol partrcles is- reﬂected (scattered)
C i all drrectrons Srmdarly, photons of - resonance-line. wavelength are R
T T e absorbed by: atoms and reemrtted in all drrectrons (Secs 3 3B to; 3D o
4BAppAno7)

spectrometer an’ mstrument that spleads lrght rnto a spectr‘urn and measures BN TO e

the rntensrty at drfferent wavelengths (Secs 4B 4C ZlD App A o -

“_ 6.:219; Fig. 4.4y ©. SERLo T

spectrum light. spread out into rts component wavelengths, The fullj' .
o elec tromagnetic spectrum extends from very short gamma rays and x-rays. ;- -

' through visible light to infrared and long radio. wavesf (App. ‘A,.no. 10) -

Spectrum lines are’ peaks (emission lmes) or. gaps: (absorptron lrnes) m~ :

-a"plot. of intensity ‘Versus wavelength. See Pamphlet 1l e
troposphere the lowest layer. of the atmosphere “just above ‘the Earth‘ s
surface about lOkrlomctersthrck (Secs. 4A; 4E; App.. A, no. 13; Fig.4:4). .. 1. % 0 D
velocrty vectorv(of Apollo Soyuz) the speed and direction of Apollo Soyuz EREE Ll -

o through the atmospherrc gases-at 222 krlometers altnude (Secs 4C 4D : 'j‘_‘

= 'Figs: 4.5, 4.5, 4.7, 4.8)" URR P

o wavelength (A)'the dlstam:e from the: crest” of one wave to the crest of the.j AR

.- next, usually measured in angstroms for lrght waves. Spectra are usuallya o

" plotted as -intensity- versus wavelength (Secs. 3C 3E. 4A 4B 4E Co e TR
AppA no. l7 Frgs 42 43) O e TP ’

h $uch’substance * - LT




_;}',Further Readmg o AT A
R ABC s of Space by Isaac ASlmOV, Walker and’ Co (New York) 1969-—an
S0 illustrated glossary of spaceflight terms. . :

o -'Atoms and. Astronomy by Paul A" Blanchard (Avallable from. the :

Govemment Printing Office, Washmgton D .C: 20402), l9'l6—atom|c
spectra explamed in slmple terms f :

Smithsonian- Instltutlon Press (Washlngton D 'C ) 1973 l '_ar and easllgf
: understood account. of this'newest branch of geoldgy : o
Cojmments Adrgﬁ (readmgs from Sotenuf c Am;encan wrth an tntroduqtlon l;y

anthology on gvndence for and devglopmehts of. thls théory ‘
rth and Space ‘Science’ by C..W. Wolfefet al’y 5. P.C. ‘Heath an Co
(Boston), 19661—21 gentral reférence for- toplcs dlscussed in this pamphlet .
"introducuon 10,thé A_t_mosphere by l‘-lerbert Rtehl McGraw “Hill, Inc. (New o7
" York), l972--for students: *who want to leam about the dynamlcs ofthe: 7.
_.Earth’s atmosphere pamcularly,_ in’ relatlon to ey.penments;onboard o
" Earth satellités. ‘ B 1? s
The Language of Space: A Dtcuona of Astron uncs by Regmald mlll
John Day Co Inc (New York) 971—-a wo %l wntten glossary of llOO
_space terms;: wnth a section on “‘the- ne’t 20 years m space..’ . 'r: '
“Lasers and Ltght (readmgs from,Sofenuf c,Amencgn),W H. Freeman&Co Y
" .Inc. (San Francnsco), l969r—college level descr;ptlons of optlcs x-rays, -
.. .-radio waves,and lasers: - b
. S - . Modern Physrcs by H. Clarke lVletcalfe, John ﬁ Wllhams, and Joseph F.
R ST o Castka Holt, Rinehart- and_ ‘Winston'; (New York), l976—soe Segtlon T
e 3 T 129, QuantumTheory te Iz g
The Origin of the Solar System, Thomt'on Page and I..ou Wllllams Page, .
eds., Macmlllan Publlshmg Co., Inc. (New York), 1966—see. ChapterS o S
= . “Earth’s ‘Atmosphere: Viewed From Below, and ‘Above.” - " .. : ".
Phystcs for Soaety by Wr B Phllllps,.Addlsoh Wesley" Publlshmg Co
(Menlo Park Callf ), l9»7l-—-c0vers recent advances ln technology and
" space sciences, ¢ 7. )
E Ph_)'S‘lCS Foundauons arzd Fronrters by George Gamow and John N ,
.-~ Cleveland;. -Prentice- l—[all Inc: (Englewood Cliffs, N. J. ), l976—see AR
" Chapter- 21 Sectlon 21 -9,"‘8pectrdscopes,'.‘ and - Chapter 22, “?l’he

,,,: ."-' T

A - : “ Energy' Quantum.’’ . : IR
. PR 'Readtngs in:the ths:cal Sczences and Technology (artlcles from Sctenuf c
LT T . "American; with an mtroductlon by Isdac Asimov), W.-H: Freeman & Co., EI
‘Ihc. (San Frano:sco) l969-——contains well lllustrated amcfes on pemnent R
e ' sub_,ects PR ‘ T R R R
) , .-65» ’ '
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